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ABSTRACT 
 
 
 
Today’s electric grid was designed to operate as a vertical structure consisting of 
generation, transmission and distribution and advanced control support devices for 
reliability, stability and efficiency. However, our conventional system grid now facing 
new challenges including the penetration of Renewable Energy Resources (RER). The 
advanced development of power grid system for future will give immediate impacts of 
anew connection such as power flow direction, protection, voltage profile, power quality 
and stability. This project aims to find out the performance of smart grid system with 
renewable energy integration and focuses on power flow studies. Thus, modeling of 
electrical power grid for smart grid is a part of the project throughout some of 
conventional calculation. The calculation of power flow is based on Newton Raphson 
method and was developed with existing software for analysis. The power flow 
calculation aim to evaluate the parameters of that particular performance such as 
voltages, currents, real and reactive power flow in a system under a given load 
conditions. The standard test system that used was IEEE 14-Bus System and 
modification was made to the grid within the integration of renewable energy. Effect of 
FACTS also implemented in this project as additional case to study the power flow. The 
comparisons and results from simulation show the variation of power flow when the 
renewable energy and FACTS devices were applied. In conclusion, this project focus on 
research to study the power flow in the smart grid with renewable energy integration 
modeled. 
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ABSTRAK 
 
 
 
Sistem elektrikal grid hari ini telah direka untuk beroperasi sebagai satu tiang struktur 
yang mempunyai penjanaan, pemindahan dan pengagihan  dan kelebihan sistem kawalan 
untuk kesesuaian, kestabilan dan kecekapan. Walaubagaimanapun, sistem grid yang 
telah sedia ada sekarang berhadapan dengan cabaran-cabaran baru termasuklah 
penglibatan daripada sumber-sumber tenaga yang boleh diperbaharui. Kemajuan 
terhadap pembangunan sistem kuasa untuk masa hadapan akan memberi kesan segera 
terhadap perhubungan yang baru ini seperti arah pengaliran kuasa, keselamatan, ciri 
voltan, kualiti kuasa dan kestabilan voltan. Projek ini merujuk untuk mengenal pasti 
prestasi grid pintar dan memfokuskan kepada pengajian aliran kuasa. Dengan ini, 
pemodelan grid kuasa  elektrik, untuk sistem grid pintar adalah sebahagian daripada 
projek menggunakan beberapa penggunaan kiraan lama. Pengirran aliran kuasa adalah 
berdasarkan teknik Newton Raphson dan kemudiannya akan dibangunkan menggunakan 
perisian yang telah ada untuk dianalisis. Pengiraan aliran kuasa memfokuskan kepada 
pengiraan parameter kepada prestasi seperti voltan, arus, aliran kuasa aktif dan reaktif 
ketika keadaan beban diberikan. Pengujian akan dilakukan terhadap IEEE 14-Bus 
system dan modifikasi akan dilakukan terhadap grid beserta integrasi tenaga yang boleh 
diperbaharui. Kesan daripada peranti FACTS juga akan diimplementasikan dalam projek 
ini sebagai kes tambahan terhadap kajian pengaliran kuasa. Kejayan kajian telah 
ditunjukkan dengan melihat perbandingan dan kesan daripada simulasi yang 
menunjukkan perbezaan aliran kuasa apabila tenaga yang boleh diperbaharui dan peranti 
FACTS dimasukkan. Sebagai kesimpulannya, projek ini memfokuskan kajian terhadap 
kesan aliran kuasa terhadap sistem grid pintar.    
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CHAPTER 1 
 
 
 
INTRODUCTION 
 
 
 
1.1 Background Study 
 
Currently, our world in desperately needs to produce new energies which are more 
sustainable and parallel with current technologies. The main source of electrical 
power generation today is fossil fuelled, but it produces the carbon dioxide (CO2) 
emission and other gases, which leads to global warming. Since the demand of 
electricity rapidly increases due to technologies in automation and electronic 
applications, this will affect the environmental balance when greenhouse gases 
(GHG) become increases. An important phenomenon in this regard for further future 
electric power generation is distributed generation, which is also known as embedded 
generation, dispersed generation or decentralized generation [1]. Smart Grid 
considered as future electrical power generation, uses two ways flow of electricity 
and information to create a widely distributed automated energy delivery network. 
This concept is being widely accepted in power system today and now it presents a 
big challenges in integrating the Renewable Energy Resources (RER) and generation 
with additional of a communication network in more efficiently.  
Such reliance on electrical generation requires resolution of numerous 
challenges related to the existing electricity grid. Previous research [2] shows that 
distributed generation has an immediate impact when it is connected into distribution 
systems (DS), such as on power flow direction, protection, voltage profile, power 
quality and stability. In the future, the name of smart grid will become familiar when 
associated with the period of time. The evolution of power grid technologies will 
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change quickly towards the enforcement of communications, sensor and information 
technologies. This new scenario will enable power operators to maximize energy 
efficiency, such as in loss management, demand reduction and data communication 
[3]. This research hopefully will contribute on solving the challenges of power flow 
in the evolution of the electrical grid system while improving service to customers 
and society at large scale using a leading concepts, techniques and analytical tools. 
 
1.2 Problem Statement 
 
In order to meet the level of electrical power generation that can provide enough 
power for arising users demand, as well as reduce environmental effect, the current 
power grid system should be flexible while integrate with the RER.  
However, this infrastructure of power grid will provide more issues on 
operation regarding to the integration of distributed generation. The advanced 
development of power grid system for future will give immediate impacts of anew 
connection such as on power flow direction, protection, voltage profile, power 
quality and stability. Most of the countries in the world implemented the electrical 
power system grid with one way direction and there are no such two ways dialogs 
interactions of electricity or communication between them. The limited of one way 
direction of power flow makes it is difficult for the grid to respond to the any 
changing of today’s arising energy demands. Hence, more research studies are 
required in order to analyze the impact on distributed generation to the performance 
of Smart Grid such as analysis of power flow. 
 
1.3 Objectives 
 
This project has several objectives which stated as shown below: 
i. To evaluate the development of conventional power flow of electrical power grid 
system and impact of the renewable energy to the future power flow of electrical 
power grid system. 
ii. To model the electrical power flow for electrical power grid with renewable 
energy integration. 
iii. To develop and simulate the power flow of conventional electrical power grid 
system and integrates with renewable energy. 
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1.4 Scope of Research 
 
This research aims to find out the performance of electrical grid system which 
focuses on power flow studies. In order to achieve the objectives, the scopes of this 
research in investigating the power flow within integration of renewable energy 
which had been decided as the following stated below: 
(a) The study of power flow which reflected on Smart Grid will include the 
penetration of the renewable energy. This part of research will come out with 
some basic principle of power flow but more intended to review more on 
integration with RER. Furthermore, the technology of Electric Vehicle (EVs) 
will provide an additional load to the system. 
(b) The modeling of electrical power grid system with renewable energy 
integration is based on conventional calculations: In this part of studies, the 
modeling of system and calculation of power flow are review and developed 
with existing software for analysis. 
(c) Simulations of the power flow for the electrical power grid system will use 
the IEEE bus systems. In this part of the research, the initial simulation of 
power grid system that will be used is IEEE-14 Bus system by using the 
existing software likes Power System Analysis Toolbox (PSAT) package in 
Matlab. In addition, the performance behavior of power flow and stability of 
smart grid will examined by using this software. 
 
1.5 Thesis Outline  
 
In this project report, the structure will be represent by five different parts which are 
introduction, literature review, methodology, result and discussion, and conclusion. 
The first chapter consist the review of title which explained the background study, 
problem statements, objectives and scopes of the project. Overview of the project 
will present in this topic. 
 In the second chapter, it consist an overview from the general to detail 
information about electrical grid in the world. There will be some explanations about 
how importance of future electrical grid which called smart grid. In the other hand, 
the theory about conventional power flow calculation will be discussed here. There 
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are also some basic explanations on calculation method that are been used such as 
the Newton Raphson Method. The previous cases in power flow calculation also 
been discussed here. 
 The Chapter 3 is the methodology part for the project which discussed about 
the Newton Raphson Method. The standard of grid which will be used is IEEE 14 
Bus System and sampling data also will be included here. Overall about this part 
shows the mathematical modeling. 
 The Chapter 4 is the result and discussion from the calculation and simulation 
from the software Power Analysis System Toolbox (PSAT). The result obtained will 
be discussed here and there will be some comparisons between the standard grid and 
the modified of IEEE 14 Bus which included the renewable energy sources.  
 Chapter 5 is the conclusion part and the recommendations about the future 
electrical grid system. This project report will consists all of this five importance 
parts.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
CHAPTER 2 
 
 
 
LITERATURE REVIEW 
 
 
 
2.1 Introduction 
  
The main purpose of this chapter is to describe the background of energy resource 
throughout the world and the development of current power grid system. The further 
studies in this chapter will go through to the definition of smart grid and review on 
some basis ideas by some researchers who are interested in this technology.  
 The existing electrical power grid system is facing massive challenges in 
changing from centralized power generation into the decentralized generation. 
Consequently, the technology must follow these advancements in order to perform a 
better power system that enhances power quality and fully integrates with grid 
elements, such as intelligent sensing and digital metering. 
 This future platform of electrical power system that will be used throughout 
the world will create many new challenges especially related to electrical power 
flow. The rapid rise of this issue is also leading to the fast growth of distributed 
generation (DG) technology markets, such as in fuel cells (FC), photovoltaic (PV) 
and wind turbine (WT). This will give a great impact on future electricity technology 
which allows communication technologies (ICT) and advanced power electronic 
devices to be installed and integrated throughout the networks [4]. To point these 
issues, this chapter provides a fundamental understanding of energy resources or 
integration renewable energy and the impact smart grid technology to the power 
flow. 
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2.2 Energy Sources 
 
Energy is essential to economic and social development and improved quality of life 
in all countries. The energies that peoples have used today mostly are not sustainable 
if the technologies remain constant while the consumers will remain increase 
substantially [5]. This world actually has consumed many kinds of energies for 
human benefits and some of them take over million years to form. Fossil fuels such 
as coal, oil and natural gases are the energies that have been used for many years 
until today since it can be manipulate into useful forms of energies.  
However fossil fuels or mineral fuels which can be burned to create 
electricity are an unhealthy to our life and increase the potential of global warming 
because the effect of green house gases (GHG) in the earth’s atmosphere. Since the 
Carbon Dioxide (CO2) gases contribute to global warming, the increase of 
populations makes the problem worse because human breathe out CO2 and the trees 
that need to convert oxygen are being demolished [6]. The trapped of CO2 in the 
earth’s atmosphere will impact the thermal expansion of oceans and consequently the 
sea level will increase due to melting of ice sheets. It has been revealed that electric 
power causes approximately 25% of global greenhouse gases emissions [7]. The 
trend of global warming and temperature rising due to the increasing of carbon must 
be stop now for our better social life in the future.  
In order to meet carbon reduction targets, it is important to think a way in 
getting new energies with more sustainable and renewable. The traditional of used 
fossil-fuel such as coal, gas and oil for electric vehicles and machinery in industries 
must be replaced by the green sources which more sustainable [8]. 
 
2.3 Conventional Power Grid 
 
Peoples actually are more conscious about their environment and sources of 
electrical energy as they are aware about global warming, energy efficiency and 
energy conservation [9]. The existing of electrical power grid infrastructure in our 
country actually has served us so well for so long and is now rapidly running up 
against limitations [10]. Otherwise the existing electrical power grid will shows some 
weakness such as blackout for a long period of time and resulting in millions of 
dollar in lost revenue. Somehow, the tripped was because the system grid did not 
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receive enough power for the load and it shows the lack of security and 
communication system. The lack of investment for new installations combined with 
aged network components (older than 40 years) has result in inefficient and 
increasingly unstable electric systems [11]. 
 
2.4 Smart Grid 
 
To improve the power grid system efficiency and utilize the energy precisely, new 
concepts have evolved considering the demands of the peoples as well as use of 
energy in most efficient way. Smart Grid is the suitable term to present the future of 
electricity power grid. It is the most remarkable and sustainable concepts nowadays 
to provide secured, reliable, clean and high quality electricity supply [12]. Based on 
existing of physical power grid, smart grid is a new type of power grid which highly 
integrates with renewable energy and modern advanced information techniques, 
communication techniques, computer science and techniques with physical grids. In 
this way, the grid will give some advantages such as improving energy efficiency, 
reducing the impact of environment, enhancing the security and reliability of power 
supply, reducing the power loss of the electricity transmission and others [13].  
 
2.4.1 Features of Smart Grid (Renewable Energy Integration) 
 
One of the main features of smart grid is self-healing. It is continuous online 
assessment and pre-control of power grid failure as well as the failure of the 
automatic recovery. The system used in smart grid also can achieve the intelligent 
interactions between central grid and customers to achieve energy flow, information 
flow and capital flow of two ways interaction. The other features of smart grid is 
optimization which improve asset utilization, effective in reducing operation and 
maintenance costs, investment costs and reduce power losses. The system also will 
compatible with most of the distributed power generation and the energy storage 
unit. Integration will include in the process optimization, information integration and 
the standardization and refinement of the management [14].  
 Demand side management (DSM) is one way of the utilities needs to manage 
of the peak energy consumption in a better way especially in a smart grid system. It 
seems promising to improve energy efficiency and reduce overall electricity 
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consumption. The real-time monitoring will improve grid reliability and utilization 
by reducing blackouts. These changes on the demand and supply side may require a 
new, more intelligent smart grid system that can manage the increasingly complex 
electric grid efficiently. It will enable utilities to meet regulatory requirements and 
customer demands for reliable power flow from both conventional and renewable 
energy sources [15]. 
  
 
Figure 2.1: Model of Smart Grid System 
 
 
2.4.2 The Comparison between Existing Power Grid and Smart Grid 
 
In facing the challenges of distributed generation and low utilization factor for the 
past of few years, the concept of smart grid has been put forward for the power 
system in the new century. The table below provides the comparison between the 
existing power grid and smart grid. 
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Table 2.1: The comparison between the current power grid and smart grid 
(James Momoh) 
 
Preferred Characteristics Today’s Grid Smart Grid 
Active consumer 
Participation 
Consumers are uninformed 
and do not participate 
Informed, involved 
consumers – demand 
response and distributed 
energy resources 
Accomodation of all 
generation and storage 
options 
Dominated by central 
generation 
Many distributed energy 
resources with plug-and 
play convenience focus on 
renewables 
Anticipating responses to 
system disturbances 
Responds to prevent further 
damage, protecting assets 
Automatically detects and 
prevent, minimize impact to 
consumers 
Power Flow Direction No or one-way Two-way 
Interaction with the user Seldom Many 
Instrument Type Electrical Numerical 
Power Restored Artificial Self-Healing 
Operation and Management Artificial device calibration Remote monitoring 
 
2.5 Load Flow Study in Power System 
 
The performance of power system both in normal operating conditions and under 
faults (short-circuit) condition must be analyzed. This type analysis which in normal 
steady-state operation is called a power flow or load flow study. The aim is to 
evaluate the parameters of that particular performance such as voltages, currents, real 
and reactive power flows in a system under a given load conditions. The main 
objective of a power flow study is to determine the specific system design with a 
lower cost can produce bus voltages within an acceptable limit. The power grid 
planning will presents many studies addressing (1) power generation planning, (2) 
transmission system planning and (3) reactive power supply planning. This to ensure 
that all power grids are operating within their operating limits and bus voltage are 
within acceptable limits. In the following section, this research will present the 
power flow problem formulation by first introducing bus types in a power grid. 
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2.6 Power Flow Analysis 
 
It is well known that the purpose of power flow analysis of a power system is to 
obtain a snap shot solution of a power system for various operating powers on the 
bus bars [16]. During last four decades, almost all the known methods of numerical 
analysis for solving a set of non-linear algebraic equations have been applied in 
developing load flow algorithms [17]. There are two popular numerical methods for 
solving the power-flow equations. These are the Gauss-Seidel (G-S) and the Newton 
Raphson (N-R) Methods (Grainger and Stevenson, 1994; Elgerd, 1982; Glover and 
Sharma, 1994). The Newton Raphson method is superior to the Gauss Seidel method 
because it exhibits a faster convergence characteristic. There is also an approximate 
but faster method for the load-flow solution. It is a variation of the Newton Raphson 
method, called the fast-decoupled method, which was introduced by Stott and Alsac 
(1974) [18]. 
 According to the study of Alvarado and Thomas, the earliest methodology 
was based on the Gauss-Seidel method, which made it possible that solve the 
problem for considerable large power system. This method however had poor 
convergence of characteristics. Later, the new method which was studied to solve the 
convergence issue was initially developed to be impractical for solving the 
computational problems with enormous power system [19]. These difficulties 
encountered in power flow studies led to the development of Newton Raphson 
iterative method. Differ to the previous Gauss Seidel algorithm which needs a larger 
time per iteration, Newton-Raphson needs only a few of iteration and is independent 
of the network size. Therefore, most of the power flow problems that could not be 
solved by the Gauss-Seidel method, for example, systems with negative impedances 
are solved with no difficulties with Newton Raphson technique [20].  
 
2.7 Study Case of Power Flow Calculation in IEEE Buses System 
 
The studies of several issues related to power system have been discussed globally. 
Some of the common issues are the power quality and transmission load ability of 
power transmission system. Most of the researcher had focused in approach to 
increase transmission line load-ability using Flexible AC Transmission System 
(FACTS). FACTS is also known to be very useful in the improvement of power 
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quality by controlling power flow during sudden peak of load demand. In some 
researcher projects, they had used various FACTS devices to improve power flow 
controllability like Thyristor Controlled Series Compensator (TCSC) and Series 
VAR Compensator (SVC). The method that had been used widely is Newton 
Raphson method for power flow calculation in order to analyze the project. FACTS 
devices had been injected into the system and assist to reduce the flows in heavily 
loaded lines by control the reactance in transmission lines. FACTS devices were 
being tested on standard IEEE 3, 6, 9 and 14 Buses System [21]. 
 
 
 
Figure 2.2: Single line diagram of IEEE 6-Bus System 
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2.8 Study Case of Optimal Power Calculation and Analysis in 14-Buses 
System 
 
The study of optimal power flow was done by many researchers around the world.  
Most of them were tried to simulate the power flow calculation and optimal power 
flow within the integration of renewable energy. One of the latest was done by 
Zhang, Yang and Li in their project titled Optimal Power Flow Calculation and 
Analysis from the University of Liverpool. Their project aimed to study the method 
of Power Flow Calculation and solving Optimal Power Flow Problem. An earlier 
case, power flow study was an important solution to determine the basic data of a 
power system. It gave the necessary conditions of the system, including bus voltages, 
power owing, and the line losses. Optimal power flow was the conditions that the 
cost of overall power system is the lowest. In their project, it was achieved by 
adjusting the output of generator to find the minimum value of cost function, this 
procedure was based on Newton Raphson Method. This project was meaningful for 
deciding the best operation and development of existing systems, and was also 
essential for designing a new power system. 
 This project provided the solution involved voltage at various buses, power 
flow in various lines and line losses. Therefore, the first aims which constructed the 
mathematical model of optimization power flow with single constrains and Newton 
Raphson iteration method. The second and third one were power flow calculation by 
applying mathematical model and simulation using the Power System Analysis 
Toolbox package in Matlab based on IEEE 14 Buses System. This project concerns a 
general cost minimization problem to solve the power flow problem based on IEEE 
14-Buses system. According to the stimulated data, before optimization the amount 
of power was mainly concentrated in first generator, while after optimization the 
amount of power was distributed averagely. Additionally, the total cost was also 
reduced by 90.36 dollars per hour. 
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Figure 2.3: Cost on generator comparison before and after the optimization 
 
2.9 Chapter Summary 
 
This chapter described about the general ideas about our current electrical grid. The 
massive challenge of limited electrical generation and the growth of increasing in 
load demand give an ideas on how the future electrical works for the next generation. 
The main purpose of this chapter is to describe energy resources throughout the 
world and the development of current power grid system. Power analysis system is 
an important term in designing the next future electrical generation which include the 
renewable energy resources. The power flow calculation method is Newton Raphson 
and needs only a few iterations and is independent of the network size. The previous 
cases show many researchers interested in study the effect of FACTS to the power 
flow result in the power system. 
 
  
 
 
CHAPTER 3 
 
 
 
RESEARCH METHODOLOGY 
 
 
 
3.1 Introduction 
  
For the last ten years, technology regarding to the electrical power system become 
increases rapidly since the power demand parallel with the evolution of power 
electronic applications today. This has result a wide development of Distributed 
Generation (DG) to fulfill of users demand electricity as well as in impact on 
increasing the load. Consequences of this increase are the instability of voltage and 
power flow within the network. This provides a great challenge to the utilities to find 
the appropriate solution to overcome this problem. 
 
3.2 Research Description 
 
The researches of two ways power flow with renewable energy integration are 
briefly described as the following flow chart in Figure 3.1. The beginning of the 
project must be done by doing some research about the detail of power flow or load 
flow analysis. Then the formulation or the modeling of load flow problem will 
evaluated by using the chosen method.   
The next stage must be done by designing a model of smart grid power 
system using IEEE 14-Bus test and simulates it by using Power System Analysis 
Toolbox (PSAT) package in Matlab software. By using this kind of simulation, the 
first prediction on performance power flow going in the smart grid can be computed. 
This research continues to the next stage by doing some analysis. The research will 
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stop when the enough information regarding the study of power flow in smart grid is 
obtained. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Yes 
 
 
 
   
 
 
 
 
 
 
 
Figure 3.1: Flow Chart of the study 
 
 
 
 
 
Begin 
Find information related to the power 
flow and smart grid study. 
 
Compute the mathematical modeling for the 
power flow problems with renewable energy 
integration. 
Work on the simulation using PSAT 
software.  
 
Different with the  
calculation? 
 
Compare with other methods and previous 
study 
 
 Analysis of the research 
End 
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3.3      Power Flow Analysis 
 
Power flow calculation is the most important thing in power system analysis and 
design. By modeling mathematically, power flow problem requires solutions of 
simultaneous non linear equations and normally employs an iterative method, such as 
Gauss-Seidel and Newton Raphson. Then it generates the results that are normally 
required for further calculation of analysis and design. The next topic will described 
the important thing need to know in power flow study such as bus types, FACTS 
Controller Devices, power flow solution method and IEEE Bus data test. 
 
3.3.1 Bus Types 
 
In a power flow problem, several busses are defined. There many busses but the 
three most important are a load bus, a generator bus, and a swing bus. For the Load 
bus, there is no generator connected to the bus. At this bus the real and reactive 
power are specified and need to find out the voltage magnitude and phase angle 
through power flow solutions. The next buses which are the Generator bus are the 
bus where voltage magnitude corresponding to the generator voltage and real power 
corresponds to its rating are need to specify. While the Swing bus is assumed that the 
voltage magnitude [V] and voltage phase Ѳ are known while the real and reactive 
power is obtained through the power flow solution. 
 
 
 
Power Grid 
    𝑉𝑘  <  ∅𝑘  
 
 
Figure 3.2: A load bus 
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          k 
                                   PGk + j QGk       VGk <  ∅𝐺𝑘  
 
              Power Grid 
 
Figure 3.3: A constant Voltage – Controlled (P-V) Bus 
 
 
                                                                  k        VGk <  ∅𝐺𝑘  
PGk + j QGk   
Power Grid 
 
   
 
Figure 3.4: A Constant PG – QG Bus 
 
 
Figure 2 above shows the load bus which is referred as constant P-V bus. By 
this type of generator bus, the power injected into the bus by the connected generator 
is given in addition to the magnitude of bus voltage. While the Figure 3 depicts a 
constant PG – QG bus and represents a generator with known active and reactive 
power injection into the power system. However, the generator magnitude of the 
voltage and the phase angle must be computed from the solution of power flow 
problems. 
 
                                                                  k         1< 0 
PGk + j QGk   
Power Grid 
  
 
 
Figure 3.5: Swing Bus or Slack Bus 
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                                                                  k         Vk <  ∅𝑘  
                                            PGk + j QGk   
Power Grid 
 
 
 
Figure 3.6: A Photovoltaic or Wind Generating Station Bus Model 
 
The Figure 4 above defines a swing bus or slack bus. This type of bus is 
identical to P-V bus except the bus voltage is set to 1 p.u. and its phase angle to zero. 
The generator that is connected to the swing called swing generator or slack 
generator and work as to balance the power consumption and power loss with net-
injected generated power. The next figure which is Figure 5 might be some new bus 
and depicts the modeling of a Photovoltaic (PV) or wind generating station 
connected to a bus when micro grid is connected to a local grid. The energy captured 
from the sun or wind source is free and it makes the power produce is only real 
power. This means the PV or wind bus is operating at unity power factor.  
 
3.3.2 Power Flow Solution by Using Newton Raphson Method 
 
This part will presents about the mathematical equations such as the Newton 
Raphson which need to formulate. The main equations of a power flow problem can 
be restated as below: 
 
 V1 = 1 < 0                                                    (3.1) 
 
  
The matrix bus admittance describes the flow of net injected current through the 
transmission systems as given below: 
 
  IBus = YBus . VBus                         (3.2) 
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The bus injection is then describe as  
 
  Sk = Vk .Ik*                                                  (3.3) 
 
Where Sk is the net injected complex power at bus k, Vk is the complex voltage of 
bus k and Ik is the net injected current at the bus k. Then the bus net injected complex 
power at bus from Equation 3.2 is substitute with Equation 3.3 to obtain the residue 
form of the equation for each bus k as 
  
                            𝑆𝑘 −  𝑉𝑘   𝑌𝑘𝑗 ∗ .𝑉𝑗 ∗= 0
𝑛
𝑗=1        k = 1,…..n.                             (3.4) 
 
For k = 1, we have 
                 𝑆1 −  𝑉1   𝑌1𝑗 ∗ .𝑉𝑗 ∗= 0
𝑛
𝑗=1                  f1 (X) =0 
 And k = 2            𝑆2 −  𝑉2   𝑌2𝑗 ∗ .𝑉𝑗 ∗= 0
𝑛
𝑗=1                 f2 (X) =0 
 And k = n            𝑆𝑛 −  𝑉𝑛   𝑌𝑛𝑗 ∗ .𝑉𝑗 ∗= 0
𝑛
𝑗=1                 fn (X) =0 
 
The above equation can be expressed in a compact form as 
 
                                          F(x) = 
 
 
 
 
 
  
𝑓1 𝑥 
𝑓1 𝑥 
 
.
.
 
𝑓𝑛 𝑥  
 
 
 
 
 = 0                                                     (3.5) 
Where 
                                            [X]
T 
= [x1 x2 x3 …… xn] 
 
In the above equation, the variable vector X represents the bus voltage vector. 
Expanding row 1 of F(x) = 0 in Taylor series, about a guess solution X
(0)
, we have: 
 
 F (X)  = f1(x1, x2, …… xn)  
           = f1(x1
(0)
, x2
(0)
, …… xn
(0) 
) + 
𝑑𝑓1
𝑑𝑥1
|𝑥(0) Δx1 +  
𝑑𝑓1
𝑑𝑥2
|𝑥 0   Δx2  
             + …….  
𝑑𝑓𝑛
𝑑𝑥𝑛
|𝑥(0)  + high order terms.                                             (3.6) 
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Equation 3.6 can be expressed in compact form as 
 
 f1 (X) = f1 (X
(0) 
) + 
𝑑𝑓1
𝑑𝑥1
|𝑥(0) Δ𝑥j  
𝑛
𝑗=1 = 0                                                      (3.7) 
 f2 (X) = f2 (X
(0) 
) + 
𝑑𝑓2
𝑑𝑥1
|𝑥(0) Δ𝑥j  
𝑛
𝑗=1 = 0                                                      (3.8) 
 fn (X) = fn (X
(0) 
) + 
𝑑𝑓𝑛
𝑑𝑥𝑗
|𝑥(0) Δ𝑥j  
𝑛
𝑗=1 = 0                                                      (3.9) 
where Δxj = xj – xj
(0)
 . In compact matrix notation, we have 
 
 
                        F(x) = 
 
 
 
 
 
 
 
 
 
  
𝑑𝑓1
𝑑𝑥1
𝑑𝑓1
𝑑𝑥2
…
𝑑𝑓1
𝑑𝑥𝑛
𝑑𝑓2
𝑑𝑥1
𝑑𝑓2
𝑑𝑥2
…
𝑑𝑓2
𝑑𝑥𝑛
 
.
.
 
𝑑𝑓𝑛
𝑑𝑥1
𝑑𝑓𝑛
𝑑𝑥2
…
𝑑𝑓𝑛
𝑑𝑥𝑛
 
 
 
 
 
 
 
 
 
 |X 
(0)  .      
Δ𝑥1
Δ𝑥2
⋮
Δ𝑥n
  = 0                              (3.10) 
                      
 
The matrix of Equation 3.10 is referred to as the Jacobian matrix. The above 
equation can be written as 
 
                     F( X
(0)
) +   𝐽  |x(0)  ∆𝑋  = 0                                                      (3.11) 
 
  f k( X
0
) = Sk – Vk  Ykj
∗Vj
∗ 
𝑛
𝑛=1
 and  𝑋0 =   𝑉1
(0) …𝑉𝑖
(0) …𝑉𝑛
(0)                  (3.12) 
 
 
where Sk is the scheduled net injected (generator bus or load) complex power into 
bus k (positive for generation). Therefore, the term F(X
(0)
) represents the power 
mismatch at each bus. When the term F(X
(0)
) is very small the power flow solution 
has been obtained. 
                        Sk(calculated) = Vk  Ykj
∗Vj
∗ 
∞
𝑗=1
                                                     (3.13) 
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Equation 3.13 represents the calculated power flowing away from bus k to all the 
other buses j. 
 
Equation 3.11 can be solved for ΔX  
 
                               ∆𝑋  = -   𝐽  −1𝑋(0) . F(X
(0) 
)                                                    (3.14)     
 
     Fk(X
0
) = ΔSk = ΔPk + jΔQk = Sk(schedule) – Sk(calculated)                                         (3.15) 
                   ΔPk = Pk(scheduled) – Pk (calculated)                                                             (3.16) 
                   ΔQk = Qk(scheduled) –Qk (calculated)                                                                 
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   False  
 
          Yes 
 
 
 
 
 
 
 
 
 
Figure 3.7: Flow Chart of Power Flow Calculation 
 
 
 
 
 
START 
Input all data with IEEE Bus 
Formulate Y-Matrix 
Make initial assumption 
Set iteration Count r=0 
Calculate Real and Reactive Components of 
Power P’ and Q’ for i=1,2,3,…n r = r + 1 
ei
r +1
 =  ei
r
 + Δ ei
r +1 
fi
r +1
 =  fi
r
 + Δ fi
r +1 
for i=1,2,3, …n 
 
Find ΔP’ for i=1,2,3,…n 
And ΔQ’ i=1,2,3,…n 
 
ei
r +1
 =  ei
r
 + Δ ei
r +1 
fi
r +1
 =  fi
r
 + Δ fi
r +1 
for i=1,2,3, …n 
 
Determine max ΔP’ and max ΔQ’  
      max ΔP’ ≤   ɛ 
      max ΔQ’ ≤  ɛ 
 
Solve for Voltage 
Corrections with 
Jacobian Matrix 
Calculate Branch Flow and losses 
Output voltage magnitude and 
phase angle at all busses branch 
flow and losses. 
END 
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3.3.3 IEEE Bus Data Test 
 
The simulation of the modeled power grid will then be using the IEEE 14-Bus Data 
test. Consequently, the model of power grid will be modified into the smart grid 
which integrates with renewable energy sources for the next simulation and next will 
be the analysis part of smart grid. There are 11 loads in the system totaling 259MW 
and 81.3MVar. The data from IEEE Benchmark are as shown below: 
 
 
 
Figure 3.8: IEEE 14 – Bus Test System 
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3.3.4      Data Sampling  
 
Power flow study is a major analysis in the operation of power systems. One of the 
main goals of this analysis is to gather critical information, such as optimal power 
flow, performance of network or nodes voltage. The IEEE 14-Bus Data Sampling 
Test will be used in this research as a preliminary requirement of a research in power 
flow. This standard type of data tests had been known used for informational purpose 
only such as for short circuit studies and relay coordination. The data test sample that 
required for the analysis can be show in the table below. 
 
Table 3.1: Exciter Data 
Exciter No. 1 2 3 4 5 
KA 200 20 20 20 20 
TA 0.02 0.02 0.02 0.02 0.02 
TB 0.00 0.00 0.00 0.00 0.00 
TC 0.00 0.00 0.00 0.00 0.00 
VRmax 7.32 4.38 4.38 6.81 6.81 
VRmin 0.00 0.00 0.00 1.395 1.395 
KE 1.00 1.00 1.00 1.00 1.00 
TE 0.19 1.98 1.98 0.70 0.70 
KF 0.0012 0.001 0.001 0.001 0.001 
TF 1.0 1.0 1.0 1.0 1.0 
  
 
Table 3.2: Generator Data 
Generator 
bus no. 
1 2 3 4 5 
MVA 615 60 60 25 25 
x1(p.u) 0.2396 0.00 0.00 0.134 0.134 
ra (p.u) 0.00  0.0031 0.0031 0.0014 0.0041 
xd (p.u) 0.8979  1.05 1.05 1.25 1.25 
x’d (p.u) 0.2995  0.1850 0.1850 0.232 0.232 
x’’d (p.u) 0.23  0.13 0.13 0.12 0.12 
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